T T BACKGROUND: The EILP-G was developed to evaluate the severity of symptoms and sports ability in individuals with exercise-induced leg pain (EILP). Translation of the questionnaire to other languages will provide a standard outcome measure across populations.
T T METHODS:
The EILP-G questionnaire was cross-culturally adapted to Greek and English, according to established guidelines. The validity and reliability of the Greek version were assessed in 40 patients with EILP, 40 patients with other lower extremity injuries, 40 track-and-field athletes with no history of EILP, and 40 young adults without pathology. Participants completed the questionnaire at baseline and again after 7 to 10 days.
T T RESULTS:
The expert committee and the participants considered the questionnaire to have good face and content validity. Concurrent validity as assessed using the Schepsis score was almost perfect (rho = 0.947, P<.001). Dimensionality analysis revealed a 1-factor solution, explaining 83.8% of the total variance. Known group validity was demonstrated by significant differences between patients compared with the asymptomatic groups (P<.001). The Greek version exhibited excellent test-retest reliability (intraclass correlation coefficient = 0.995 for the EILP group) and internal consistency (Cronbach α = .942 for the EILP group). Finally, no ceiling or floor effects were found, as none of the individuals with EILP scored the maximum or minimum possible values on the questionnaire. numbness, and tightness. 32 Several pathoanatomic entities constitute and are associated with this regional pain syndrome, including chronic exertional compartment syndrome, stress fractures, medial tibial stress syndrome, nerve entrapment, and popliteal artery entrapment syndrome. 9, 15 A recent systematic review 25 of running-related musculoskeletal injuries reported that tibial stress syndrome and tibial stress fractures were the 2 most frequent causes of EILP, with prevalences of 9.5% and 4.5%, respectively.
Patient-reported outcome measures are essential in clinical practice and research to provide precise and unbiased data that are reliable and valid. 28 Previous studies of individuals with EILP have used a variety of outcome measures, including generic, visual analog, or numeric rating scales 14, 19, 21, 26, 27, 30, 35 and questionnaires with a mixture of Likert-scale and open-ended questions. 30 Limitations of these measures arise from the subjective nature of constructs such as symptoms and functional status. The primary benefit of condition-specific patient-reported outcome measures is that they have the potential to be more sensitive to change [ research report ] in the target population than the more generic scales. 20, 42 The Exercise-Induced Leg Pain Questionnaire for Germanspeaking individuals (EILP-G) was recently developed as a condition-specific questionnaire to determine the severity of symptoms, function, and ability for sports activities in this patient population. 29 The process for translation and cultural adaptation of self-administered questionnaires requires a strict methodology. 5 The purpose of this procedure is to ensure adequate linguistic translation as well as cultural adaptation to maintain the content validity of the scale across different cultures. The simultaneous adaptation of an instrument in 2 or more languages allows the versions to be developed by a similar process so as to avoid undetectable and substantive methodological flaws related to the translation and adaptation procedure. 38 Therefore, the primary objectives of this study were to simultaneously translate and cross-culturally adapt the original EILP-G questionnaire to the Greek (EILP-GR) and English (EILP-Br) languages, and to assess the psychometric properties of the Greek version. 22 The EILP-Br is provided here to facilitate future clinical testing to establish its psychometric properties.
METHODS

T
he EILP-G, developed to measure the impact of symptoms on function and sport ability in individuals with EILP, consists of 10 items related to sport activities. Each item is scored on a 5-point Likert scale (0-4), and a score of 40 represents an asymptomatic individual with normal function. 29
Cross-cultural Adaptation
The EILP-G was adapted to the Greek and English languages using methods consistent with published guidelines. 5 The process aimed to produce equivalency between the source and target scales and to adapt the original scale in a culturally relevant and comprehensible form, while maintaining the meaning and the intent of the original items. 38 The procedure followed 5 steps, as presented in TABLE 1. Subsequently, selected psychometric properties of the Greek version (APPENDIX A) were established.
The final translated and cross-culturally adapted English version is presented in APPENDIX B. No further validation was conducted for the English version of the questionnaire.
Participants
After sample-size calculation, a total of 160 participants, divided into 4 groups of equal size, were recruited: patients with EILP (EILP group); healthy, physically
TABLE 1
The Process of Cross-cultural Adaptation of the Exercise-Induced Leg Pain Questionnaire From Its Original Version in German*
Abbreviations: EILP-G, German version of the Exercise-Induced Leg Pain Questionnaire; EILP-GR, Greek version of the Exercise-Induced Leg Pain
Questionnaire. *The process described to obtain the English version of the questionnaire was identical and conducted simultaneously to the process described above for the EILP-GR, with the exception of the prefinal version of the English version of the questionnaire, which was administered to 10 asymptomatic English-speaking individuals (5 men, 5 women; age range, 22-26 years).
Steps Procedure
Initial translation
Two bilingual and bicultural translators, whose native language was the target language (Greek), produced 2 independent translations and written reports. One translator (informed) had a medical background and was aware of the construct of the scale, whereas the other translator (naïve) had no medical or clinical background but was knowledgeable about the cultural and linguistic nuances of the target language 2. Synthesis The pair of translators, in collaboration with a bilingual recording observer, synthesized the 2 translations and, through a consensus process, produced a common initial translation and a written report documenting the synthesis process 3. Back translation Two translators, whose native language was German and who were fluent in the target language, produced 2 independent back translations of the initial questionnaire. Both were uninformed of the concepts explored to avoid information bias, had no medical background, and were blind to the original EILP-G
Expert committees
An independent committee consisting of the translators and the research team, which included the developers of the original German questionnaire and 2 independent researchers (academics with several years of experience in scale development and validation) knowledgeable about the content area, convened, reached consensus, and developed the prefinal version of the EILP-GR for field testing. During this process, the committee assessed the original questionnaire 29 and each translation (forward and back), together with the corresponding written report. 5 Special attention was given by the committee to achieve semantic, idiomatic, experiential, and conceptual equivalence between the source and target questionnaires. 2 Furthermore, the committee discussed "comparability of language," which refers to the formal similarity of words and sentences between the original and back-translated questionnaires, 38 as well as "similarity of interpretability," which refers to the degree to which the versions produce the same response even if the wording differs 38 
Pretesting
The prefinal version of the EILP-GR was administered to 14 asymptomatic Greek-speaking individuals (7 men, 7 women; age range, 22-26 years). Following the completion of the questionnaire, each individual was interviewed regarding the comprehension of items and the chosen response as part of the assessment of face and content validity. Upon completion of pretesting, an expert committee convened and the prefinal version, without corrections, was accepted as the final version of the EILP questionnaire active university students (healthy group); track-and-field athletes with no previous history of leg pain (at-risk group); and athletes with other lower extremity conditions (OLEC group) (TABLE 2). The physically active students were recruited through direct contact from the student population at 2 universities in Athens, Greece, and the track-and-field athletes were recruited through direct contact during their training sessions from 2 track-and-field clubs in Thessaloniki, Greece. Athletes in the EILP and OLEC groups were recruited from sports medicine centers for elite athletes in the cities of Athens and Thessaloniki, Greece. The recruitment of individuals from different cities was used to minimize bias potentially related to cultural or demographic factors. During the recruitment process, 17 potential participants declined to participate in the study (9 for the healthy group and 8 for the at-risk group). This multicenter study was conducted from January 2013 to July 2014, and institutional approval was obtained from the University of Thessaly Ethics Committee.
Inclusion and Exclusion Criteria
All participants had to be at least 18 years of age, participating in sports, and willing to give informed consent. The general exclusion criteria were pregnancy, previous lower extremity or spine surgery, and referred pain from the lumbar region. For the healthy and at-risk groups, additional exclusion criteria were EILP and functional deficits during sports participation.
Individuals in the OLEC group had sport-related injuries, such as ankle or knee sprains, and meniscal tears, which were diagnosed through clinical examination from a sports physician. Those in the EILP group were initially included based on the criteria described by Nauck et al 29 : history of lower-leg pain that increases during specific sport activities, lower-leg pain limiting running ability, symptoms persisting longer than 3 months, symptoms disappearing following a few minutes of rest, and diffuse pain of 1 or both lower legs. Furthermore, a meticulous clinical examination of the lumbar spine, hip, knee, and ankle joint, which included a thorough neurological examination and the assessment of the ankle-to-brachial pressure index, 40 was conducted to rule out other pathologies such as referred spinal symptoms, tendinopathy, peripheral arterial disease, deep vein thrombosis, etc.
When the history and examination were inconclusive and could not rule in the diagnosis of EILP, further testing included treadmill testing to reproduce familiar symptoms, 34 imaging with radiography or magnetic resonance imaging to rule in nerve entrapment 17 and stress fractures, 31 and Doppler ultrasound imaging to rule in popliteal 37 entrapment syndrome. Among potential patients with EILP, 8 did not meet the inclusion criteria (1 was pregnant, 3 had previous lower-leg surgery, and 4 had an inconclusive diagnosis).
Procedure
The EILP-GR questionnaire was administered to all participants (n = 160) and completed in the presence of one of the investigators for the healthy and at-risk groups and an orthopaedic surgeon for the EILP and OLEC groups. This was done to standardize the procedure and to ensure the attention of the participants, as the importance of thoroughly reading each item of the scale was stressed.
Validity Testing
Face validity provides information regarding the relevancy of the items included in the scale. In the present study, 3 experts-a sport physician, a physical therapist, and an athletic trainer-with several years of experience managing sport injuries subjectively screened and evaluated the items independently of each other. Upon completion of their independent work, the 3 experts convened to discuss the items until agreement was obtained. Furthermore, after completion of the questionnaire, the patients with EILP were interviewed to appraise the extent to which the instrument assessed their condition.
Content validity reflects the extent to which the scale samples all the dimensions of the appropriate indicators of the construct. 3, 12, 41 The items of the EILP questionnaire were tested through a structured content analytic method. 13 The items were distributed to 5 judges (an academic, a sport physician, a physical therapist, an athletic trainer, and an elite athlete, all with higher degrees in relevant areas) who were not involved in the adaptation process of the questionnaire. The judges rated each of the 10 items on a 5-point rating scale (1, poor; 2, fair; 3, good; 4, very good; 5, excellent match). The purpose was to evaluate and summarize item ratings using quantitative statistical procedures.
The judges' ratings were evaluated using the item-content validity coefficient (V) described by Aiken. 1 The V statistic provides statistical significance of the judges' ratings. The V values were then [ research report ] compared against a right-tailed binomial table provided by Aiken. 1 Concurrent validity was determined based on the extent to which the scale being assessed correlated with a criterion measure. 3, 41 In this study, we used an established postsurgical chronic exertional compartment syndrome classification system (TABLE 3) 36 as the criterion measure, despite the fact that it has not been formally validated. Based on published data, 29 we expected a high correlation between this classification and the score on the EILP-GR (n = 160). The orthopaedic surgeon who performed the initial assessment of the participants with EILP and OLEC provided the rating on the classification system prior to the administration of the EILP-GR, and a physical therapist provided the rating for the 2 other healthy groups. The clinicians who provided the ratings ignored the portions of the items that referred to surgery and interpreted only the items assessing the symptomatic presentation and functional ability.
Factorial validity, as part of construct validity, is used to establish the factor structure of the scale. 3, 10 The internal consistency of the EILP-GR was assessed by using exploratory factor analysis to establish whether the items in the EILP-GR were grouped together in a consistent manner. 41, 43 Despite confirmatory factor analysis being more appropriate for validation, 12 we decided to use exploratory factor analysis, a psychometrically sound procedure that provides a more rigorous replication test than confirmatory factor analysis 12 and is often used for cross-cultural adaptation. 2, 16, 22, 24 Known group validity as a form of external or construct validity is determined by the extent to which an instrument can demonstrate different scores for well-established distinct groups known to vary on the variables being measured. 3, 41 The level of distinction should be both conceptual and, preferably, previously established in the literature. 41 Individuals with EILP were expected to score lower than healthy and at-risk individuals, 29 and athletes with OLEC were expected to score lower than individuals with EILP, due to their acute or severely disabling sports-related conditions. In addition, the usage of the questionnaire in patients with OLEC was supported by the fact that the wording of the items does not make it limitative or exclusive for patients with EILP.
Reliability Testing
Reliability testing of the EILP-GR included interitem reliability for internal consistency and test-retest reliability for temporal stability. The alpha coefficient is considered the most appropriate manner to estimate the internal consistency and structural validity of the subscales of an instrument. 3, 33, 41 The stability of a measurement scale is the extent to which the same results are obtained on repeated administrations of the instrument. 3, 23 Therefore, the scale was administered to 120 participants twice within an interval of 7 to 10 days (athletes with OLEC were excluded from retest, as their condition was more likely to improve). During this period, the individuals with EILP were instructed to continue their regular physical activity. Further-more, to ensure stability of the condition, we only included participants who selfrated their condition as unchanged at the second assessment occasion.
Feasibility
For the assessment of feasibility and acceptability, we recorded the time the participants spent filling out the questionnaire and the percentage of unanswered questions.
Ceiling and Floor Effects
Ceiling and floor effects are the limitations of an instrument's ability to appraise the severity of a condition through an appropriate range of values. 11, 41 An instrument is considered to have ceiling and floor effects if more than 15% of those completing the questionnaire score the maximum or the minimum possible score. Ceiling and floor effects were also determined for each item on the questionnaire and were based on at least 75% of the respondents scoring the maximum or minimum score for that item. 11
Statistical Analysis
The sample size required for the study was based on the intraclass correlation coefficient (ICC) and the maximum width of the 95% confidence intervals obtained from the development study of the original EILP-G questionnaire. 29 The formula used to calculate the sample size 39 was n = 16p(1 -p)/w 2 , where p is the expected ICC (0.9) and w is the maximum width (0.20) of the 95% confidence interval. The minimum total sample size per group was calculated to be 36. We enrolled an additional 4 participants in each group to account for potential dropouts. Descriptive statistics were used for the characteristics of the participants and the calculation of ceiling and floor effects.
Concurrent validity was assessed with Spearman rho between the scores obtained from the EILP-GR and the classification system of Schepsis et al 36 (n = 160). Factorial validity was assessed using exploratory factor analysis with varimax rotation. Eigenvalues over 1 were chosen and extracted, and items loading more than 0.40 were regarded as loading on a specific factor. Items loading more than 0.40 on 2 factors were assigned to the factor with a higher correlation, given that the loading difference was more than 0.20. 9 Known group validity and group differences were calculated using the Kruskal-Wallis test, with post hoc comparisons using the Mann-Whitney test with Bonferroni correction for multiple testing (alpha level set at .0083), resulting from the formula k(k -1)/2, where k is the number of groups.
Internal consistency of the total score was calculated using Cronbach alpha (patients with EILP, n = 40). 41 Test-retest reliability was defined by using 2-way random-effects ICC type agreement (ICC 2,1 ), because systematic differences are considered to be part of the measurement error 41 and Spearman rho. A Bland-Altman plot was constructed to indicate absolute agreement for test-retest measurements, including a scatter plot of differences between the initial and repeat tests (patients with EILP, n = 40), with 95% limits of agreement. 41 In addition, the standard error of measurement (SEM) [SEM = SD × √(1 -test -retest reliability coefficient)] and minimal detectable change (MDC 95 ) [MDC = 1.96 × √2 × SEM] were calculated 6, 8, 41 by using the SD from the first assessment and the ICC of each subgroup of participants.
All statistical analyses were performed using SPSS Version 17.0 (SPSS Inc, Chicago, IL). The level of significance was set at P<.05.
RESULTS
Cross-cultural Adaptation
T he process of adaptation followed published guidelines, 5 and the bilingual and bicultural translators indicated no significant problems with the translation process. The identical process of adaptation to the Greek and English languages and the collabo-ration of the developers of the original questionnaire ensured the fine tuning of the produced translated versions. Minor linguistic discrepancies (eg, item 8, sideward cutting movements) were easily resolved through the collaboration of content experts and the developers of the original questionnaire during the consensus meetings of the expert committees.
Validity and Reliability
The descriptive data for the participants are presented in The face validity of the EILP-GR questionnaire was defined as good, based on all items being judged relevant and no changes being recommended by 2 different sources, as described in our methodology (the independent evaluation of 3 experts with several years of experience in sports injuries and patients with EILP).
Content validity was assessed through a structured content analytic method 13 and characterized as being well addressed by all 5 judges. All 10 items of the EILP-GR questionnaire presented V values ranging from 0.9 to 1.0 (P<.01).
Concurrent validity was demonstrated by a high level of association between the score on the EILP-GR and the scores on the Schepsis et al 36 
grading scale (TABLE 5).
Distribution of the Schepsis scores for all groups is presented in FIGURE 1.
In the dimensionality analysis, the Kaiser-Meyer-Olkin measure (0.904) and the Bartlett sphericity test (C 2 = 2074.298, P<.001) indicated good sample adequacy and values allowing the use of factor analysis. Furthermore, the sample size was adequate to ensure stability of the variance-covariance matrix. 41 The exploratory analysis and the examination of the scree plot (FIGURE 2) indicated a 1-factor solution, with eigenvalues greater than 1 explaining 83.8% of the total variance ( [ research report ] hension or semantic problems. All participants completed the full EILP-GR required 5 minutes, and none of the participants reported language compre-As described in the literature, 18 through the translation and validation process of a questionnaire, the factor structure of the new version may differ from that of the original. To explore this fact, we forced the analysis to produce a 2-factor solution. We observed that the 2-factor loading (eigenvalues greater than 1) explained 90.1% of the total variance (Kaiser-Meyer-Olkin measure, 0.904; C 2 = 2074.298; P<.001). This model was excluded from further analysis according to the principles of parsimony and interpretability, 8 and also because 3 questions could not be assigned to any factor (the loading difference was less than 0.2).
Known group validity was demonstrated by significant differences in EILP-GR scores among groups based on the Kruskal-Wallis test (P<.001). The Mann-Whitney test did not reveal a significant difference for the total score on the EILP-GR between the healthy group (median, 100) and the at-risk group (median, 100; U = 760.5, P = .654, r = 0.05), but showed significantly higher scores for the healthy and at-risk groups compared to those with EILP (median, 62.5; U = 8.0, P<.001, r = 0.87 and U = 7.5, P<.001, r = 0.87, respectively). Furthermore, those in the OLEC group scored lower (median, 37.5) than those in the EILP group (U = 351.0, P<.001, r = 0.49), the healthy group (U = 0.0, P<.001, r = 0.88), and the at-risk group (U = 0.0, P<.001, r = 0.88).
A Bland-Altman plot (FIGURE 3) showed that the differences between the 2 assessments were plotted around the zero line. Additionally, the zero line was within the 95% confidence interval of the mean difference between the second and first assessments, indicating no systematic bias. Taking into account the view 7 that the magnitude of the acceptable difference is an objective clinical decision rather than a statistical one, we concluded that the variability was independent of the magnitude of the score and that the limits of agreement were clinically acceptable.
Feasibility and Ceiling and Floor Effects
The completion of the questionnaire 
Summary of Measurement Properties of the Greek (EILP-GR) and German (EILP-G) Questionnaires
Abbreviations: EILP, exercise-induced leg pain; EILP-G, German version of the Exercise-Induced Leg Pain Questionnaire; EILP-GR, Greek version of the Exercise-Induced Leg Pain Questionnaire; ICC, intraclass correlation coefficient; NA, not applicable; NR, not reported; OLEC, other lower extremity conditions; SEM, standard error of measurement. *All Spearman rho values are significant at P<.001. † We found a positive correlation between Schepsis score and EILP score, in contrast to Nauck et al, 29 who found a negative correlation for their total sample (n = 73). This difference could be attributed to the Schepsis grading used between these 2 studies (ie, in the present study we graded poor as 1, whereas Nauck et al 29 lowing the concept that such a process allowed for greater creativity, alignment, and fine tuning of the produced versions. 38 This was achieved by the simultaneous adaptation of the questionnaire to 2 target languages, with the collaboration of the developers of the original questionnaire and the participation of content experts. Despite the lack of validation of the EILP-Br version, we believe that the formal cross-cultural adaptation will benefit both English-speaking readers and researchers. The validity of the EILP-GR questionnaire was considered adequate based on the data presented in TABLE 5. Furthermore, the back translation, as a process of validity checking, 5 ensured that the translated version was reflecting the same item content as the original version. 29 In contrast to the development study, 29 in which the authors subjectively assessed the face validity of the questionnaire together with the participants, we added an expert panel that independently evaluated this attribute of the questionnaire, improving our confidence in this form of validity. Moreover, content validity was assessed through a structured content analytic method 13 by using 5 judges not involved in the adaptation process.
Concurrent validity was demonstrated by a high level of association between the EILP-GR scores and the Schepsis et al 36 grading scale scores. We acknowledge that the use of a nonvalidated measure developed for postsurgical cases and utilized exclusively in nonsurgical subjects is a limitation of the present study, 41 but in light of a lack of a criterion measure and the need to produce comparable results, we decided to follow the methodology of the scale developers. 29 The factorial validity of the EILP-GR questionnaire was confirmed by the strong support for the 1-factor solution and by the lack of improvement resulting from the 2-factor solution.
Known group validity was established in the present study (TABLE 4) by confirmation of the expected differences between the healthy and at-risk groups and mum score by more than 75% (all less than 25%) of the patients.
DISCUSSION
T he results of this study revealed that the cross-cultural adaptation process for the EILP-GR and EILP-Br and the validation of the EILP-GR were successful. Additionally, the methodology used, 5, 38 which included reinforcement of "comparability of language" and "similarity of interpretability" testing, produced semantic, idiomatic, experiential, and conceptual equivalency between the original 29 and the adapted versions of the questionnaire. We introduced a new method of parallel cross-cultural adaptation, fol-questionnaire, resulting in the maximum response rate.
No ceiling or floor effects were found, as none of the patients with EILP scored the maximum or minimum possible score. No individual items of the scale were scored at their maximum or mini- 
CONCLUSION T
his is the first study to assess and establish the psychometric properties of the EILP-GR in Greekspeaking patients, an instrument that can be used as an outcome measure in this patient population. t
KEY POINTS
FINDINGS: The original EILP-G questionnaire was successfully translated and adapted for the Greek-speaking population. The EILP-GR version demonstrated adequate psychometric properties, consistent with the data previously reported for the original version of the questionnaire. IMPLICATIONS: The EILP-GR could be a useful outcome measure for clinical and research purposes in individuals with EILP.
Greece to minimize bias due to cultural, semantic, and demographic factors, allowing the findings of the present study to be generalized.
The validity of the EILP-GR questionnaire is further supported by the fact that no ceiling and floor effects were found in the present study. This suggests that the EILP-GR is an applicable tool for patients within the full severity range of EILP. 41 The primary limitations that should be considered in the present study include the small number of patients with EILP and the lack of responsiveness assessment. Furthermore, the use of the Schepsis et al 36 classification, due to the absence of a gold standard and the fact that a more generic but validated disability measure was not used for comparison, should be taken into account as a methodological limitation. Also, the authors recognize that the presence of the investigator during all test occasions could have positively influenced the reliability of the test, and this should be carefully considered in future research and clinical application of the questionnaire. Finally, further cross-cultural adaptations and validations, as well as validation of the English version, are imperative, as inter-the patients with EILP. 41 Furthermore, the contrast in scores obtained between those with EILP and athletes with OLEC supports the assertion of the developers that the instrument is not a diagnostic tool, nor does it play a role in decision making regarding treatment. 29 This fact highlights the decisive role of clinical assessment and diagnosis before the administration of the questionnaire. But, it is noted, the items of the questionnaire are not exclusive to those with EILP, even though this is the intended target population, because participants with OLEC interpreted the items as pertaining to their particular condition.
The questionnaire exhibited very good internal consistency, test-retest reliability, and equivalency to the original version 29 (TABLE 5 ). The analysis using the Cronbach alpha found the EILP-GR to be within the range of the proposed criterion (.70-.95) for a measure of adequate internal consistency. 41 In addition, analysis of "alpha if item deleted" showed that all the items added to the reliability of the instrument, producing a homogeneous but not redundant questionnaire. 41 In the present study, the Bland-Altman plot revealed an acceptable magnitude of difference between test and retest results, indicating appropriate reproducibility and a well-developed questionnaire. The SEMs calculated in the study are quite small and clinically acceptable. These SEMs represent a total scoring error for the EILP group of 2.43%. This is comparable with the calculated SEM in the original version of the questionnaire, 29 which was 2.87% for the patients with EILP.
Despite our EILP group being significantly younger (P<.05) and the at-risk group being significantly older (P<.001) than their respective groups in the study of Nauck et al, 29 no differences were found for the total EILP score between groups of the original and adapted Greek version of the questionnaire. The sample in the present study had a uniform distribution of men (51.3%) and women (48.7%), recruited from different cities in ACKNOWLEDGEMENTS: The authors wish to thank all the translators, the members of the expert committee, and the physicians for their essential collaboration. We would also like to thank all participants for their valuable contributions.
